Haemophilic arthropathy of the ankle causes pain and deterioration in gait, causing disability. Although some physiotherapy modalities are effective in the management of acute bleeding, the results are unknown in chronic arthropathy. Our objective was to determine the most effective physiotherapy procedures for treating the haemophilic arthropathy of the ankle and to assess the methodological quality of the studies. A systematic review was carried out in the Cochrane Database, PubMed, MEDLINE, ISI Web of Knowledge, PEDro, TESEO, and specialized journals (Haemophilia and Haematologica). It included articles with at least one group undergoing any kind of physiotherapy treatment and with pretest and posttest evaluation, published before April 2013. An analysis of variables was performed and assessed the methodological quality of studies. Five studies met the criteria for inclusion. Hydrotherapy treatments, strength training and balance strength, balance training, and sports therapy, have improved range of movement, pain, balance, and subjective physical performance. The proposed methodological analysis was not possible due to the low quality of the studies. Although the results are positive, they lack rigorous evidence on the effects of treatments. Studies are needed to establish the efficacy of the various forms of physiotherapy in the haemophilic arthropathy of the ankle.
Introduction
Hemophilia is a blood-clotting disorder caused by a deficiency in factor VIII (FVIII) or factor IX (FIX), which manifests itself through bleeding in the muscles and joints [1] . There are three categories, depending on the percentage of the blood-clotting factor: severe hemophilia (<1% FVIII/IX), characterised by spontaneous bleeding; moderate hemophilia (1-5% FVIII/FIX), with bleeding from slight injuries; and mild hemophilia (>5-40% FVIII/FIX) with bleeding during surgical procedures or from severe injuries [2, 3] .
Eighty percent of the episodes in hemophiliac patients involve bleeding in the joints, or haemarthrosis [4, 5] , with the ankle being the third most frequently affected joint [6] . The symptoms of intra-articular ankle bleeding are severe pain, limited range of motion, inflammation, and synovial involvement. Without proper treatment, capsular and tendon contractures can develop in the joints [7] .
Although experiments on animals cannot be directly related to the humans, Hooiveld et al. [8] observed in a canine model that weight-bearing joints, as opposed to non-weightbearing joints with haemarthrosis, suffered progressive and degenerative damage after a bleeding episode. Also analysing the effects of haemarthrosis, Hakobyan et al. [9] tested in a murine model the effect of the ferric component of blood, in vitro, on the development of chronic synovitis.
Excess blood inside the joint results in inflammation of the synovial membrane, which eventually leads to chronic haemophilic synovitis and a vicious cycle of haemarthrosissynovitis-haemarthrosis [15] .
When synovitis becomes chronic, the condition is worsened by the recurrent haemarthrosis episodes, accelerating the degenerative process known as haemophilic arthropathy, which leads to alterations of the joints, pain, muscular atrophy, and functional impairment [16] . Chronic arthropathy is a major cause of morbidity in patients with haemophilia [17] .
Rehabilitation Research and Practice
Due to the progression of haemophilic arthropathy and the resulting deterioration of the joint, deformities such as the restriction of motion, valgus hindfoot, alteration of the subtalar and tibiofibular-astragalar joints, or plano-valgus foot [18] occur. Likewise, the chronic pain associated with haemophilic arthropathy is a good predictor of disability in patients with severe haemophilia [19] .
Current pharmacological treatments prophylactic with FVIII or FIX significantly reduce the frequency of haemarthrosis in hemophilia. This decrease in the incidence of joint and muscle bleeding, spontaneous and posttraumatic, has delayed the incidence of haemophilic arthropathy [20, 21] . When arthropathy is already instituted, this treatment can only slow the joint deterioration but not prevent it [22, 23] .
On the other hand, the 80% of hemophilia patients have no access to pharmacological therapy [24] , and part of the remaining 20% only receive treatment after a bleeding episode (on demand treatment). In both cases, patients develop physical consequences before reaching adulthood, that require physiotherapy treatment to improve and maintain joint function [25] .
Physiotherapy through the RICE method (Rest, Ice, Compression, and Elevation) has been described for the improvement of acute joint injuries [26] , as well as in the management of hemarthrosis in patients with hemophilia [27] .
Treatment of the ankle with physical therapy is complicated because it involves a small joint surface that bears significant ranges of body weight and the joint limitation alters biomechanical movement during walking. A treatment combining strength and proprioception exercises improved functionality in a group of 31 patients with haemophilic arthropathy on knee and ankle [10] .
Likewise, for the ankle joint, the guide of the World Federation of Haemophilia recommends exercises to range of movement, strength, and balance [28] , while these recommendations are not based on any clinical study.
Even though it is a joint with a high prevalence of degenerative lesions [29] , it is not known how significant or efficacious physical therapy is in managing arthropathy of the ankle.
The main objective of this work is to learn from the existing literature about the effectiveness of physical therapy procedures in treating chronic arthropathy of the ankle in patients with hemophilia. It will also analyse the methodological quality of the studies and propose new lines of research.
Methods

Data Sources and Searches.
The literature search was performed according to the search strategy described by Dickersin et al. [30] .
Combined processes were developed for the study search, establishing the following steps: (I) the following databases of specialised literature were consulted: Cochrane, MEDLINE, PubMed, PEDro, TESEO and ISI Web of Knowledge; (II) the search ended in May of 2013; (III) the medical subjects heading included "hemophilia" AND "ankle" AND "arthropathy" AND "rehabilitation" OR "physiotherapy" OR "physical therapy" OR "TENS" OR "transcutaneous" OR "hydrotherapy" OR "kinesiotherapy" OR "manual therapy" in the article, and specialised electronic magazines were consulted: HaemophiliaandHaematologica.
We also reviewed bibliographies of relevant papers, conference messages, dissertations, and consultations with experts. Two authors reviewed the abstracts and full texts of the publications found in the databases and journals, and if in doubt, the eligibility of any of the articles was determined by consensus.
Study Selection.
The studies selected met the following criteria: (I) they use physical therapy treatments and (II) clinical trials; (III) they include at least one treatment group with pretest and posttest evaluations; (IV) the size of the sample in the posttest is a minimum of five individuals per group; (V) years considered: without restrictions in the year of publication; the study had to have been published prior to April 2013; (VI) the studies included are restricted to those in Spanish, French, English, Italian, and Portuguese, (VII) studies without limit of age, and (VIII) articles published in scientific journals or in process of publication; (IX) case studies are excluded, (X) as are those in which the individuals were not diagnosed with hemophilia A or B, or (XI) those in which the physical therapy treatment used was not explained.
After the search, in which more than 600 references were consulted, a total of five articles [10] [11] [12] [13] [14] fulfilled the inclusion criteria. Figure 1 shows the results of the search and selection process.
Encoding of the Variables.
It was performed according to the procedure for coding the studies of the Meta-Analysis Unit of Murcia University (http://www.um.es/metaanalysis/ presentation.php/).
The characteristics of the five selected studies were encoded. The moderating variables were grouped in three categories in accordance with the Lipsey et al. [31] classification system: substantive variables (treatment, context, and individual involved), methodological variables, and extrinsic variables.
The encoded characteristics of the treatment were the following: the type of physical therapy treatment (muscular strength, proprioception training, hydrotherapy, and sports therapy); the duration of treatment (in weeks); the intensity of the treatment (number of hours for session); the extent of the treatment (total number of hours per patient); the number of sessions; inclusion of the follow-up programme (in weeks); the uniformity of the treatments (patients from the same group receive the same treatment); the mode of intervention: direct (applied by a physiotherapist), indirect (under the supervision of a physiotherapist), or mixed; and informed consent.
The encoded characteristics of the individuals were the following: the average age (in years) of the individuals in the sample; the type of hemophilia; the severity of the hemophilia; and whether or not prophylactic drug treatment with FVIII/FIX was used. The encoded characteristics of the context were country and place of intervention (hospital, university, etc.). The extrinsic characteristics that were encoded were: (a) the date of the study (year) and (b) the source of publication (published versus not published).
Methodological Quality and Measuring the Results.
To evaluate the methodological quality of the studies, we used the Van Tulder et al. [32] and PEDro [33] scales, which are designed to evaluate randomized clinical trials with a view to conducting systematic reviews.
To evaluate the impact of the different physical therapy procedures used to treat arthropathy of the ankle, the effect size of the studies was reviewed using the Rosenthal formula [34] .
Results
Study Selection.
The initial search of electronic databases provided 68 articles. Through the additional search of specialized electronic journals and consultation with experts, 629 articles were located. We reviewed 393 abstracts of which 52 went to full-text review. Finally, 5 studies met all inclusion criteria.
3.2.
Participants. Finally, they were 94 patients with hemophilia and 47 people without congenital coagulopathies. All patients were males, diagnosed with hemophilia A or B, with different phenotypes of gravity, based on the percentage of FVIII/FIX in blood.
Characteristics of the Studies.
We analysed the five studies that met the inclusion criteria. Table 1 contains the most relevant results of the studies analysed, and the characteristics of the potentially moderating variables are presented in Tables 2 and 3 .
Regarding the treatment variables, we found different types of intervention, distinguishing between a combination of muscle strength training and proprioception [10, 11, 13] , hydrotherapy [12] and sports therapy [14] .
With respect to the quantitative treatment variables, the intervention lasted an average of 20 weeks; each individual received an average of 10 hours of treatment per week, and each individual received treatment totalling an average of 120 hours.
Regarding the variables for the individuals, just three of the studies [10, 13, 14] indicated the type and severity of the hemophilia in the sample. The Hill et al. [13] study examined 19 patients with hemophilia A and one with hemophilia B, of whom 14 had the severe, four had the moderate, and one had the mild phenotype. In the Gurcay et al. [10] sample, on the other hand, there were 25 patients with hemophilia A and six with hemophilia B, of whom 21 had the moderate, six had the severe, and four had the mild phenotype. Czepa et al. [14] examined 24 patients with hemophilia A and one with hemophilia B, of whom 21 had the severe and 3 had the moderate phenotype. The prophylactic treatment was covered by the authors in two articles [10, 13] . In the Czepa et al. [14] study, patients were on pharmacological regimen provided for their haematologist (12/25) .
Regarding the extrinsic characteristics, all of the studies are from journal articles. One study was conducted in 2003 [11] and the other four in 2008, 2009, 2010, and 2013 [10, 12-14] .
Methodological Quality and Measuring the Results.
Of the five studies, two had no control group [10, 13] , and in the other two, the control group consisted of individuals who were either healthy [11] or with no ankle pathology [12] . These studies have no control group with the same characteristics that the treatment group (patients with hemophilia and ankle arthropathy), and none of the scales anticipated in the design of this review could be applied (Van Tulder and PEDro).
In the study of Czepa et al. [14] , the control group (passive PWH) had the same characteristics that the active group. Tables 4 and 5 show assessment of these articles with Van Tulder and PEDro scales.
The size effect could not be calculated as anticipated because of the lack of a control group or because of the latter's characteristics.
Measuring Instruments.
The studies selected for this review used a wide variety of clinimetric measures to detect a measurable change after the physiotherapy treatment. Gurcay et al. [10] evaluated ROM (with a universal goniometer); perception of pain (scale of joint pain, score 0-3): functional incapacity (Juvenile Arthritis Functional Assessment Report for Children; JAFAR-C questionnaire); and the clinical evaluation (evaluation scale adopted by the Orthopaedic Advisory Committee of the World Federation of Haemophilia).
The Hilberg et al. [11] study evaluated proprioception (test: One-Leg Stand, angle reproduction, tuning fork, and Posturomed) and isometric muscular strength (test: knee extensor, and leg press). Garcia et al. [12] evaluated ROM (with a universal goniometer). Finally, the Hill et al. [13] 
Step and quick turn); physical activity (Human Activity Profile questionnaire); fear of falling (modified Falls Efficacy Scale-MFES questionnaire); and the perception of pain (Visual Analogue Scale, or VAS). Czepa et al. [14] evaluated activity level (scale from 0-not active to 4-active more than three times/week); ROM of knee, ankle, and elbow (with a universal goniometer); One-Leg Stand test; and 12 min walk test.
Pretest and posttest evaluations were performed in the five studies [10] [11] [12] [13] [14] , and Garcia et al. [12] measured ROM before and after each session.
Adverse Effects.
Gurcay et al. [10] showed that during treatment with strength and proprioception, there were two patients with hemophilia who developed joint bleeds, while treatments of Hilberg et al. [11] , Hill et al. [13] , and Czepa et al. [14] did not cause haemarthrosis during the study period, and Garcia et al. [12] provided no data on this respect.
Discussion
This review explored the changes in objective measures of physical therapy treatments in patients with hemophilia and chronic arthropathy of the ankle. The five studies were selected because they provided pretest/posttest data in a treatment group. The studies reviewed examined the impact of different physical therapy treatments on the clinical manifestations of chronic arthropathy of the ankle (reduced ROM, loss of strength, pain, and alteration of proprioception) in patients with hemophilia. Three studies were conducted in a hospital setting [10] [11] [12] and two in hospital and in the home [13, 14] .
The studies are very heterogeneous with respect to the duration, intensity, and extent of the treatments. The treatments lasted for four weeks [10, 12] , sixteen weeks [13] , twenty-four weeks [11] , and fifty-two weeks [14] ; and the number of hours per week for each patient was one hour [12] , four hours [11] , or five hours [10] .
The treatments administered were strength training and, proprioception [10, 11, 13] , hydrotherapy [12] , and sports therapy [14] . and fear of falling ( < 0.05). Active PwH reported significant changes in subjective physical performance in the HEP-test-Q domains "strength and coordination, " "endurance, " and "body perception" as well as the total score compared to the other groups.
A longer walking distance for the active PwH compared with controls in the 12 min walk test. Regarding the occurrence of joint bleeding as a result of physical therapy treatments, in three trials there was no haemarthrosis of the ankle [11, 13, 14] which indicates the safety of the strengthening treatments and sports therapy with exercises adapted to the patients' health status in preventing recurrent bleeding.
These results agree with those of Koch et al. [35] that after treatment with strength training in young people with hemophilia from 12 to 14 years, improvement was noted in quadriceps muscle strength with a decrease in the frequency of haemarthrosis in the knee joint and in the results of Pelletier et al. [36] in a patient with hemophilic arthropathy of the knee treated with isometric exercises. Other authors have also noted that physical activity can improve muscle strength and flexibility and reduce the number of bleeding, synovitis and joint destruction in patients with hemophilia [37] .
Development of arthropathy affects the proprioception of patients with haemophilia [38] . After the treatments described in the studies, proprioception improves as a result of strength and proprioception training programmes for the lower limbs [11, 13] .
In the ROM evaluation, described by Harris and Boggio [39] as a measure of joint deterioration in patients with hemophilia, significant improvement was found in the evaluation of the ankle after treatment with strength and proprioception exercises [10] and hydrotherapy [12] .
Perception of pain is one of the main causes of incapacity in patients with hemophilia [24] ; there was significant improvement after strength and proprioception treatment [10, 13] .
The treatments of the Gurcay et al. [10] and Hill et al. [13] studies seem to have more effectiveness, with improvement in a larger number of clinimetric measures, although the Gurcay et al. [10] study achieves good results in less time: four weeks as opposed to the 16 required by Hill et al. [13] . However, due to the lack of follow-up periods in the studies of this review, it was not possible to learn whether the effect of the treatments holds up over time.
In the study of Czepa et al. [14] , 47.9% of patients dropout the study due to irregular training frequencies, operations during intervention period, private reasons, or patient who entered later into the study. In the study by Hill et al. [13] , 40% of patients discontinued due to lack of time, other diseases that affect their ability to participate, lack of motivation or interest in the program, or not believing in the benefits of treatment. The dropout rate is similar to that described in the study by Mulvany et al. [40] who developed physiotherapy treatments for improving muscle strength and flexibility, and cardiovascular function in 33 patients with congenital coagulopathies (hemophilia and von Willebrand disease), and had a 39% dropout due to problems with transportation and schedules and the disease, although no patient reported any adverse effects as a result of treatment. By contrast, there was a lower experimental mortality rate (17.85%) in the study by Hilberg et al. [11] , and no patient stopped treatment in the other two studies [10, 12] .
Methodological Quality and Measuring the Results.
With respect to methodological quality and measuring the results, the analysis of the methodological quality using the Van Tulder and PEDro scales and of effect size, is precluded by the fact there is no control group in the studies with the same characteristics as the experimental group (hemophilia and ankle arthropathy). Only it was possible to assess the methodological quality of the article by Czepa et al. [14] with 2 and 3 points in Van Tulder and PEDro scales, respectively.
Among the articles on physiotherapy treatment of haemophilic arthropathy of the ankle excluded from this review because they did not meet the selection criteria, there are two unique cases [22, 41] one that did not involve posttreatment evaluation [42] and two articles that evaluated the isolated placement of a plantar orthoses [43] and performance of sports without supervision of physiotherapist [39] . Although acupuncture has been used as a treatment of physiotherapy, the article of Lambing et al. [44] has not been included in this review because the authors do not apply it as a physiotherapy treatment. Two articles [40, 45] , despite their good methodological quality, include patients with other coagulation deficits (von Willebrand disease-vWD).
Similarly, despite the good methodological quality of the study of Von Mackensen et al's [46] , this article was not included in this review because the authors did not assess any physical variable in ankles with hemophilic arthropathy. Eligibility criteria were specified No Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments were received) No
Allocation was concealed No The groups were similar at baseline regarding the most important prognostic indicators Yes There was blinding of all subjects No There was blinding of all therapists who administered the therapy No There was blinding of all assessors who measured at least one key outcome No Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups No
All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analysed by "intention to treat" No
The results of between-group statistical comparisons are reported for at least one key outcome Yes The study provides both point measures and measures of variability for at least one key outcome Yes
Limits of the Review.
There were a number of limits placed on this review. The lack of precision in the studies in describing the physical therapy methods and techniques used, as well as the sample data, raised doubts for us during the encoding process. Moreover, the lack of data on moderating variables (randomisation of the sample, masking, and the treatment application method) limited the possibilities for obtaining detailed results on this review.
The low methodological quality of the studies did not permit a detailed analysis of them, nor could outcome measures be extracted to calculate the effect size.
Implications for the Clinical Practice.
Results of this systematic review confirm the need for treatment of physiotherapy in the multidisciplinary approach to patients with hemophilia, raised previously by other authors [24, 36] . However, a clear indication about the most efficacious type of treatment is limited by the lack of controlled studies.
Physical therapy treatments must combine various aspects. On the one hand, there must be efficacious treatment of the problems caused by arthropathy of the ankle [42] , such as restrictions on range of motion, loss of muscular strength, pain, and alteration of proprioception. On the other hand, the treatment must not cause haemarthrosis.
Implication for Future Studies.
Properly designed randomised clinical studies must be developed for physical therapy treatment in patients with hemophilic arthropathy of the ankle. Furthermore, the study samples must be as broad as possible, and the outcome measures must be valid and reliable.
Studies with a follow-up period are necessary to establish the efficacy of the treatment in the medium term.
Future studies must describe the characteristics of the individuals with respect to age, weight, the joints affected, the degree of joint impairment, and so forth; the treatments characteristics (procedures, duration, intensity, etc.); and the potential adverse effects in the locomotor system as a result of the treatment.
Conclusion
There is little uniformity in the studies reviewed with respect to duration, intensity, extent, and types of treatment.
Treatments with strength and proprioception training, hydrotherapy, and sports therapy improve some clinical aspects in patients with hemophilic arthropathy of the ankle before and after comparison.
There is no rigorous evidence on the effects of the treatments.
Methodological quality of the studies is low.
